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QUESTION 1 [20 marks] 


(a) 


(b) 


(c) 


(d) 


(e) 


(i) Determine and justify if e“ (where a is a constant) is an eigenfunction of the 


2 


operators 2. and ——. 
dx dx 


(ii) If an eigenfunction of the operator, what is the corresponding eigenvalue? 


Useful Information: 


d tx) d ) fi) 
—el” =| — f(x)]e 
dx dx FO) 


n 


d n-1 - 
— x" =nx", where n is a constant 
dx 
CH2Cl, can be thought of as having tetrahedral coordination at carbon. 
(i) Identify the symmetry elements which this molecule possesses and draw 
sketches showing their locations. 
(ii) Hence determine the point group to which this molecule belongs. 
(iii) Would your answers be altered if the CI-C—Cl and H-C-H bond angles were 


not equal? Give your reasons. 


For O2, explain how the 30, and 3o0,, molecular orbitals are formed. Provide a 


sketch of what these molecular orbitals would look like. 


What is the second law of thermodynamics? Show how change in Gibbs energy 


can be derived from this second law. 


Draw a simple band picture to distinguish an insulator from a semiconductor. 
Can temperature-dependence of conductivity be used to distinguish an insulator 


from a semiconductor? 
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QUESTION 2 [10 marks] 
(a) Calculate the kinetic energy of a particle described by the wavefunction 
f(x) =e“, where k is a constant. 


Useful information: 


dn d if d_, a! ; 
—e” =| — f(x) | e”” and — x" =n x""', where n is a constant. 
dx dx dx 


She ae 
—, where # and m are constants. 
dx? 


The kinetic energy operator is 5 
m 


(b) What is the probability, P, of locating a particle in its lowest energy state, n = 1, 
and in the first half of a box of length L? The wavefunction for the 1- 


dimensional ‘particle in a box’ model is: 


NX 


a, 4 
xX)=.,/—sin 
V(x) A 


Useful Information: 


b « b 
: x sin 2cx : 
[sin ax dx = 5 - , where c is a constant. 
a 


4c 


a 


sin(nz) =0, where n is an integer 


QUESTION 3 [10 marks] 

(a) We argued that in H2 the atoms are held together as a result of the build-up of 
electron density along the internuclear axis. However, in LiF there is practically 
no such build up. What, then, holds the atoms in LiF together, and in what way is 
this different to H2? 


(b) Use molecular orbital diagrams to rationalize why He? is an unknown species, 
but the ion He; has been observed. Make what predictions you can about the 


stability of the ions He;* and H> with respect to dissociation. 
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QUESTION 4 [10 marks] 
(a) Construct the form of each molecular orbital in linear [H-He-H]** using three 
symmetry adapted orbitals (where the symmetry adapted orbitals are constructed 


from 1s atomic orbitals). 
(b) Construct an approximate MO diagram for [H-He-H]”*. 
(c) Indicate the electron population of the MO’s. 
(d) Predict whether [H-He-H]** would be stable? Explain your reasoning. 


QUESTION 5 [10 marks] 
A sample consisting of 1.00 mol of perfect gas molecules at 27°C is expanded 
reversibly and isothermally from an initial pressure of 3.00 atm to a final pressure of 


1.00 atm. Determine the values of g, w, AU, AH, AS, AS sur, and ASiot. 
Data: 1 J=1Pam*; R=8.3145J K" mol’; 1.00 atm= 101 kPa 


QUESTION 6 [10 marks] 
Given the reactions (1) and (2) below, determine 


(a) A,H° and A,U°® for reaction (3), 
(b) A¢H® for both HCl(g) and H2O(g) all at 298°C. 


(1) Ho(g) + Ch(g) = 2HCK(g) A, H°=-184.62 kJ mo! 
(2)  Hb(g) + O2(g) = 2H2O(g) A; H°=-483.64 kJ mol! 
(3)  4HCI(g) + O2(g) = 2Ch(g) + 2H20(g) 
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QUESTION 7 [10 marks] 
(a) Using the following enthalpies associated with each step, write down the 


equations for each step and calculate the lattice enthalpy of magnesium bromide: 


Vaporization of Br2(1) = +31 kJ mol! 
Dissociation of Bro(g) = +193 kJ mol! 

Electron gain by Br(g) = —331 kJ mo!" 
Ionization of Mg(g) to Mg”*(g) = +2187 kJ mo! 
Sublimation of Mg(s) = +148 kJ mol" 
Formation of MgBr2(s) = —524 kJ mo! 


(b) Explain why lattice energy calculations based on the Born-Mayer equation might 


duplicate the experimentally determined values only to within 10% for MgBrz. 
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